
(19) United States 
US 2005.0099065A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0099065A1 
Harada et al. (43) Pub. Date: May 12, 2005 

(54) ROLL-OVER SUPPRESSING CONTROL 
APPARATUS FOR A VEHICLE 

(76) Inventors: Masaharu Harada, Tokyo (JP); Kunio 
Sakata, Tokyo (JP) 

Correspondence Address: 
ROSS & ASSOCATES 
P.O. BOX826 
ASHBURN, VA 20146-0826 (US) 

(21) Appl. No.: 10/953,484 

(22) Filed: Sep. 29, 2004 

(30) Foreign Application Priority Data 

Sep. 30, 2003 (JP)...................................... 2003-341500 

Publication Classification 

(51) Int. Cl." ....................................................... B60T 8/60 

(52) U.S. Cl. .............................................................. 303/146 

(57) ABSTRACT 

The invention provides a roll-over Suppressing control appa 
ratus for a vehicle which can make a decision of a Start of 
roll Suppressing control appropriately in response to the 
degree of the possibility of turning over on its Side of the 
vehicle. The roll-over Suppressing control apparatus 
includes a braking mechanism for braking wheels of the 
vehicle, a roll rate Sensor for detecting a roll rate of the 
vehicle, and a roll-over Suppressing control Section for 
controlling the braking mechanism So that, if the roll rate 
detected upon turning of the vehicle becomes equal to or 
higher than a control Starting threshold value, then it is 
decided that the vehicle is in an excessively rolling State and 
braking force is applied to the wheels. The control Starting 
threshold value is set to different values depending upon 
different types of turning of the vehicle (depending upon 
whether the turning is Sudden Steering back turning, mod 
erate steering back turning or one-directional turning). 
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ROLL-OVER SUPPRESSING CONTROL 
APPARATUS FOR A VEHICLE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a roll-over Suppressing 
control apparatus for a vehicle which causes, when the 
vehicle is placed into an excessive rolling State upon turning 
thereof, braking force to be applied to wheels to carry out 
roll-over Suppressing control. 
0003 2. Description of the Related Art 
0004. As a technique for controlling the posture of a 
vehicle upon turning, a technique has been developed 
wherein a rolling State of the vehicle body is detected and, 
when the rolling of the vehicle body is excessively great, 
braking force is applied to particular wheels to SuppreSS 
rolling of the vehicle thereby to Suppress roll-over (turning 
over on its side) of the vehicle (refer to, for example, 
Japanese Patent Laid-Open No. Hei 11-11272). 
0005 According to the technique, when a roll rate (roll 
ing angular Velocity of the vehicle body is detected and the 
detected roll rate is equal to or higher than a predetermined 
value or when a Steering angular Velocity is arithmetically 
operated based on a steering angle detected by a Steering 
angle Sensor and the arithmetically operated Steering angular 
Velocity is equal to or higher than a predetermined value, the 
brake System of the vehicle is controlled to Suppress rolling 
of the vehicle body. 
0006. In order to suppress rolling of a vehicle, it is 
effective to lower the speed of the vehicle. 
0007 Incidentally, according to the technique wherein 
braking force is applied to Suppress roll-over as described 
above, Since the vehicle Speed is lowered against the will of 
the Speed of the driver in order to Suppress roll-over, it is not 
desired to carry out the roll-over Suppressing control unnec 
essarily. Therefore, it is important to Set conditions for 
Starting the roll-over Suppressing control, and it is desired to 
carry out Such control only when the possibility takes place 
that roll-over may occur. 
0008 While the prior art described above adopts such 
logic that roll Suppressing control is Started when the mag 
nitude of the roll rate exceeds a predetermined value (a 
certain fixed value), it seems that this is based on an idea that 
the magnitude of the roll rate indicates the possibility of roll 
over (degree of turning over on its Side) of the vehicle. 
0009. However, the relationship between the roll rate (or 
the value of Some other parameter representative of a rolling 
State of the vehicle) and the degree of turning over on its side 
of the vehicle is not always fixed, but actually differs 
depending upon the turning situation. Therefore, where the 
roll Suppressing control is started when the magnitude of the 
roll rate exceeds a fixed value as in the prior art, the roll 
Suppressing control may Sometimes be carried out unnec 
essarily depending upon the turning Situation or, although it 
is necessary to Start the roll Suppressing control, the roll 
Suppressing control may not Sometimes be started. 

SUMMARY OF THE INVENTION 

0010. It is an object of the present invention to provide a 
roll-over Suppressing control apparatus for a vehicle which 
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can make a decision of Starting of roll Suppressing control 
appropriately in response to the degree of the possibility of 
turning over on its side of the vehicle. 
0011. In order to attain the object described above, 
according to the present invention, there is provided a 
roll-over Suppressing control apparatus for a vehicle, com 
prising a braking mechanism for braking wheels of the 
vehicle, parameter value detection means for detecting a 
value of a parameter corresponding to a rolling State of the 
vehicle, and roll-over Suppressing control means for con 
trolling the braking mechanism So that, if the parameter 
value detected by the parameter value detection means upon 
turning of the vehicle becomes equal to or higher than a 
control starting threshold value, then it is decided that the 
vehicle is in an excessively rolling State and braking force is 
applied to the wheels, the control Starting threshold value 
being Set to different values depending upon different types 
of turning of the vehicle. 
0012. With the roll-over suppressing control apparatus 
for a vehicle, Since the control Starting threshold value to be 
used to decide whether or not the vehicle is in an excessively 
rolling state and it should be decided to start roll-over 
Suppressing control wherein braking force is applied to a 
turning Outer wheel Set to different values depending upon 
different types of turning of the vehicle, the roll-over Sup 
pression-control can be Started appropriately depending 
upon the type of turning of the vehicle and Starting of 
unnecessary roll-over Suppressing control can be Sup 
pressed. Accordingly, roll-over of the vehicle can be Sup 
pressed while the traveling performance of the vehicle is 
assured. 

0013 Preferably, the parameter value is a roll rate of the 
vehicle, and the parameter value detection means is roll rate 
detection means for detecting the roll rate. 
0014 Preferably, if the roll rate detected by the roll rate 
detection means upon turning the vehicle is lower than a 
control ending threshold value Set in advance as a value 
lower than the control Starting threshold value, then the 
roll-over Suppressing control means ends the control for 
applying the braking force to the wheels. 
0015 Preferably, the types of turning of the vehicle 
include one-directional turning wherein the vehicle turns 
only in one direction and Steering back turning wherein the 
turning direction is changed over halfway. 

0016 Preferably, the control starting threshold value 
upon the Steering back turning is set to a value higher than 
the control Starting threshold value upon the one-directional 
turning. 

0017 Preferably, the steering back turning includes quick 
Steering back turning wherein the Steering back turning is 
performed quickly and normal Steering back turning wherein 
the Steering back turning is performed at a normal Speed or 
less, and the control starting threshold value upon the quick 
Steering back turning is Set to a value higher than the control 
Starting threshold value upon the normal Steering back 
turning. 

0018 Preferably, discrimination between the quick steer 
ing back turning and the normal Steering back turning is 
performed by comparing a magnitude of a Steering angular 
Velocity upon the Steering back turning with a reference 
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value Set in advance, and if the magnitude of the Steering 
angular Velocity is equal to or higher than the reference 
value, then it is decided that the turning is the quick Steering 
back turning, but if the magnitude of the Steering angular 
Velocity is lower than the reference value, then it is decided 
that the turning is the normal Steering back turning. 
0.019 Preferably, a condition that the vehicle is turning is 
Set to Satisfaction of all of conditions that a vehicle Speed is 
higher than a predetermined vehicle Speed Set in advance, 
that the Steering angular Velocity is equal to or higher than 
a predetermined angular velocity Set in advance, and that a 
lateral acceleration of the vehicle is equal to or higher than 
a predetermined acceleration Set in advance. 
0020. The above and other objects, features and advan 
tages of the present invention will become apparent from the 
following description and the appended claims, taken in 
conjunction with the accompanying drawings in which like 
parts or elements denoted by like reference Symbols. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a control block diagram of a roll-over 
Suppressing control apparatus for a vehicle according to an 
embodiment of the present invention; 
0022 FIG. 2 is a system diagram of the roll-over Sup 
pressing control apparatus for a vehicle; 

0023 FIGS. 3(a) and 3(b) are schematic views illustrat 
ing rollover Suppressing control by the roll-over Suppressing 
control apparatus for a vehicle; 
0024 FIGS. 4(a), 4(b), 4(c) and 4(d) are diagrammatic 
ViewS illustrating different control Starting conditions by 
different types of turning by the roll-over Suppressing con 
trol apparatus for a vehicle; 
0.025 FIG. 5 is a diagram illustrating the different control 
Starting conditions by different types of turning by the 
roll-over Suppressing control apparatus for a vehicle; and 
0026 FIGS. 6, 7 and 8 are flow charts illustrating the 
roll-over Suppressing control by the roll-over Suppressing 
control apparatus for a vehicle. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0027. A roll-over Suppressing control apparatus for a 
vehicle according to an embodiment of the present invention 
is equipped in Such a braking System for a vehicle as shown 
in FIG. 2. Referring to FIG. 2, the braking system for a 
vehicle includes a brake pedal 1, a master cylinder 2 which 
operates in an interlocking relationship with an operation of 
the brake pedal 1, and a hydraulic unit 6 for controlling the 
brake fluid pressure to be Supplied from the master cylinder 
2 or a brake fluid reservoir 4 to wheel cylinders of wheel 
brakes (hereinafter referred to as brakes) 10 for braking 
wheels (front left and right wheels and rear left and right 
wheels) 5FL, 5FR,5RL, 5RR in response to the state of the 
master cylinder 2 or an instruction from a braking controller 
(brake ECU) 3. It is to be noted here that a braking 
mechanism is formed from a liquid pressure adjusting 
System including the master cylinder 2, hydraulic unit 6 and 
so forth and the brakes 10 for the braking wheels and so 
forth. 
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0028. In particular, as seen in FIG.2 (in FIG. 2, only the 
left and right wheel brakes for the front wheels are shown), 
when the vehicle is in a behavior control mode, a differential 
preSSure regulating valve 68 in the hydraulic unit 6 operates 
So that a predetermined pressure difference may appear 
between the upstream and the downstream of the differential 
pressure regulating valve 68. When the vehicle is in the 
behavior control mode and the brake pedal 1 is not operated, 
an in-line intake valve 61 is closed while an out-line intake 
valve 62 is opened. Consequently, the brake fluid in the 
brake fluid reservoir 4 is introduced through an out-line 64, 
the out-line intake valve 62 and a pump 65 and is pressurized 
by the pump 65, and the pressure of the brake liquid is 
adjusted by a liquid pressure holding valve 66 and a pressure 
reducing valve 67 and the brake liquid of the adjusted 
pressure is supplied to the brakes 10 for the wheels. When 
the vehicle is in the behavior control mode and the brake 
pedal 1 is operated, Since the in-line intake Valve 61 is 
opened and the out-line intake valve 62 is closed, the brake 
fluid in the master cylinder 2 is introduced through an in-line 
63, the in-line intake valve 61 and the pump 65 and 
pressurized by the pump 65. Then, the pressure of the brake 
fluid is adjusted by the liquid pressure holding valve 66 and 
the pressure reducing valve 67, and the brake fluid of the 
adjusted pressure is supplied to the brakes 10 for the wheels. 
It is to be noted that the in-line 63 and the out-line 64 join 
together on the downstream of the in-line intake valve 61 
and the out-line intake valve 62, and the pump 65 is disposed 
on the downstream of the joining location. The liquid 
preSSure holding valve 66 and the pressure reducing valve 
67 are provided for each of the braking wheels 5FL, 5FR, 
5RL, 5RR on the downstream of the pump 65. 
0029. Upon normal braking, the in-line intake valve 61 
and the out-line intake valve 62 are closed, and the differ 
ential pressure regulating valve 68 and the liquid preSSure 
holding valve 66 are opened while the pressure reducing 
valve 67 is closed. Consequently, a brake fluid pressure 
corresponding to the pressure (that is, braking operation 
force) in the master cylinder 2 is supplied to the brake 10 for 
each of the wheels through the in-line 63, differential 
preSSure regulating valve 68 and liquid preSSure holding 
valve 66. On the other hand, when an ABS (antilock brake 
System or antiskid brake System) operates, a brake fluid 
preSSure corresponding to the braking operation force is 
Suitably adjusted through the liquid pressure holding valve 
66 and the pressure reducing valve 67 so that each wheel 
may not be locked. 
0030 The in-line intake valve 61, out-line intake valve 
62, pump 65, liquid pressure holding valves 66, pressure 
reducing Valves 67 and differential pressure regulating valve 
68 of the hydraulic unit 6 having Such a configuration as 
described above are controlled by the brake ECU 3. 
0031 Various signals are inputted to the brake ECU3. In 
particular, a steering wheel angle Signal is inputted from a 
Steering wheel angle Sensor 11 provided for a steering wheel, 
and a yaw rate signal of the vehicle body is inputted from a 
yaw rate sensor 12 provided on the vehicle body. Further, a 
roll rate signal of the vehicle body is inputted from a roll rate 
Sensor (roll State Sensor corresponding to roll parameter 
value detection means for detecting a value of a parameter 
corresponding to a rolling State of the vehicle) 13 provided 
on the vehicle body, and a brake pedal operation signal is 
inputted from a brake switch 16. Furthermore, a forward 
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backward acceleration signal and a lateral acceleration Sig 
nal are inputted from a forward-backward and lateral accel 
eration sensor 17 provided on the vehicle body, and vehicle 
Speed (wheel speed) signals are inputted from wheel speed 
sensors 15. 

0.032 The brake ECU 3 includes such various functional 
elements as seen in FIG. 1. Referring to FIG. 1, the brake 
ECU 3 includes a driver operation state decision section 31 
for deciding an operation State of the driver, a vehicle motion 
State arithmetic operation Section 32 for calculating a theo 
retical motion condition of the vehicle, and a roll-over 
Suppressing control Section 33. 
0033. The driver operation state decision section 31 
decides whether or not the brake pedal 1 is operated from a 
brake pedal operation Signal from the brake Switch 16. 
0034. The vehicle motion state arithmetic operation sec 
tion 32 calculates a vehicle body Speed, a roll rate deviation 
and So forth based on detection values of the Sensors. 
Although the vehicle body Speed is normally calculated 
based on the wheel Speed signals from the wheel Speed 
sensors 15, if a slip occurs with a wheel, then the vehicle 
motion State arithmetic operation Section 32 adds a time 
integrated value of a forward-backward acceleration 
obtained from the forward-backward and lateral acceleration 
sensor 17 to the vehicle body speed obtained till then based 
on the wheel Speed signal to calculate the vehicle body Speed 
(in this instance, the calculated vehicle body Speed is an 
estimated vehicle body speed). 
0035. The roll-over suppressing control section 33 
includes a turning decision Section 34 for deciding a start 
and an end of turning of the vehicle, a control decision 
section 35 for deciding a start and an end of roll-over 
Suppressing control, and a control amount Setting Section 36 
for Setting a control amount (roll-over Suppressing control 
braking force) in response to the roll rate and So forth upon 
roll-over Suppression control. 
0.036 The roll-over Suppressing control section 33 starts 
roll-over Suppressing control if it is decided by the control 
decision Section 35 that roll-over Suppressing control should 
be started, and ends the roll-over Suppressing control if it is 
decided by the control decision section 35 that the roll-over 
Suppressing control should be ended. Upon Such roll-over 
Suppressing control, the roll-over Suppressing control Sec 
tion 33 performs the control with a control amount set by the 
control amount Setting Section 36. 
0037. It is to be noted that, in the roll-over Suppressing 
control, braking force is applied to the front and rear wheels 
which are turning outer wheels as seen in FIG.3(a) or 3(b). 
The magnitude of the braking force applied at this instance 
is Set as a value commenSurate with the magnitude of the roll 
rate R by the control amount setting section 36. It is to be 
noted that, while, in order to Suppress rolling, it is effective 
to Suppress the yaw rate of the vehicle and SuppreSS the 
vehicle Speed, braking force to the front wheel which is a 
turning Outer wheel contributes much to Suppression of the 
yaw rate of the vehicle while braking force to the rear wheel 
which is a turning outer wheel contributes much to Suppres 
Sion of the vehicle Speed. 
0.038. The turning decision section 34 decides that turn 
ing of the vehicle has been started if both of conditions (i) 
that the vehicle body Speed V is equal to or higher than a 
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reference value (low speed value Set in advance) V and that 
(ii) the magnitude of the lateral acceleration G, of the 
vehicle body is equal to or higher than a reference value 
(fixed value set in advance) G. Further, if any one of two 
conditions (iii) that the vehicle body speed V is lower than 
a reference value (low speed value determined in advance) 
V (where V-V) and (iv) that the magnitude of the lateral 
acceleration G, is lower than a reference value (predeter 
mined acceleration set in advance) G. (where G-G,) is 
Satisfied, then the turning decision Section 34 decides that 
the vehicle has ended the turning. 
0039. The control decision section 35 performs roll-over 
Suppressing control in response to the detected roll rate R. 
when a predetermined control Start condition is Satisfied. 
Here, the control start condition resides in Satisfaction of a 
condition that it is decided by the turning decision Section 34 
that the vehicle is turning and another condition that the roll 
rate R, which is a value of a parameter corresponding to a 
rolling State of the vehicle is equal to or higher than a 
threshold value R. Set in advance. 
0040. Further, the control decision section 35 ends the 
roll-over Suppressing control when a predetermined control 
end condition is Satisfied during the roll-over Suppressing 
control. Here, the control end condition resides in Satisfac 
tion of any one of a condition that it is decided by the turning 
decision Section 34 that the vehicle is not turning and 
another condition that the roll rate R is lower than the 
threshold value R. Set in advance. 
0041 Particularly, the control decision section 35 
includes a control Start/end threshold value Setting Section 
35a which sets a threshold value R for the roll rate R, to a 
value which differS depending upon the type of turning of 
the vehicle. 

0042. In particular, if the steering wheel operation and the 
vehicle Speed operation are carried out appropriately, then 
the roll rate or the roll angle does not become excessive and 
does not cause turning over of the vehicle on its side as Seen, 
for example, in FIG. 4(c) or 4(d). However, if the steering 
wheel operation and the vehicle Speed operation are not 
carried out appropriately, then the roll rate or the roll angle 
becomes excessive and Sometimes causes turning over of the 
vehicle on its side as seen, for example, in FIG. 4(a) or 4(b). 
0043. For example, in ordinary turning (one-directional 
turning) which does not involve a steering back operation of 
the Steering wheel, the Steering wheel angle 0 increases in 
one direction as indicated by a solid line curve LH1 in FIG. 
4(a). At this time, the roll rate R, increases Suddenly to the 
turning outer Side as the steering wheel angle 0 increases 
(that is, upon turning of the Steering wheel) as indicated by 
another curve LR1. If the magnitude of the roll rate R. 
exceeds a limit, then the magnitude of the roll angle 
increases as indicated by a curve LA1 and may cause turning 
over of the vehicle on its side as indicated by a reference 
character Arefer to FIGS. 4(a), 4(b) and 5). 
0044. On the other hand, in steering back turning wherein 
turning back of the steering wheel is performed (for 
example, upon lane change or upon S-shaped curve travel 
ing), the steering wheel angle 0 is directed in the reverse 
direction halfway as indicated by a curve LH2. At this time, 
the roll rate R, increases suddenly to the outer side of the 
Steering back turning as the Steering wheel angle 0. 
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increases in the reverse direction (that is, upon starting of 
Steering back turning) as indicated by a curve LA2 and 
Sometimes causes turning over of the vehicle on its side as 
indicated by a reference character B refer to FIGS. 4(a), 
4(b) and 5). In this steering back turning, the roll rate is 
likely to become high when compared with that in one 
directional turning, and turning over of the vehicle on its 
Side occurs after the roll rate becomes higher to Some degree 
than that upon one-directional turning. Reversely speaking, 
it is considered that, in Steering back turning, turning over of 
the vehicle on its side does not occur unless the roll rate 
becomes higher by a certain amount than that in one 
directional turning. 

0.045. Further, where steering back turning is performed 
Suddenly as upon risk avoidance as indicated by an alternate 
long and short dash line in FIG. 4(a), the steering wheel 
angle 0 is directed in the reverse direction halfway as 
indicated by a curve LH3 similarly as described above. At 
this time, the roll rate R, increases Suddenly by a great extent 
to the outer Side of the Steering back turning as the Steering 
wheel angle 0 increases in the reverse direction (that is, 
turning back of the Steering wheel) as indicated by a curve 
LR3. Also at this time, after the magnitude of the roll rate R. 
exceeds a limit, the magnitude of the rolling angle increases 
as indicated by a curve LA3 and Sometimes causes turning 
over of the vehicle on its side as indicated by a reference 
character Crefer to FIGS. 4(a), 4(b) and 5). In the case of 
Such Sudden Steering back turning as upon risk avoidance, 
the roll rate is further likely to become high when compared 
with that in comparatively moderate normal Steering back 
turning described hereinabove, and turning over of the 
vehicle on its side occurs after the roll rate becomes higher 
by a certain amount than that upon moderate Steering back 
turning. Reversely speaking, it is considered that, in the case 
of Sudden Steering back turning, turning over of the vehicle 
on its Side does not occur unless the roll rate becomes higher 
by a certain amount than that in the case of normal Steering 
back turning. 

0046. In other words, it is considered that, where it is 
tried to Start roll-over Suppressing control paying attention to 
the roll rate, the optimum roll rate threshold value with 
which roll-over suppressing control should be started differs 
depending upon the type of turning of the vehicle Such as 
upon whether the turning is one-directional turning or Steer 
ing back turning or upon whether the Steering back turning 
is Sudden Steering back turning as in the case of risk 
avoidance or comparatively moderate Steering back turning 
as in the case of lane change or S-shaped curve traveling. 

0047 Therefore, in the present apparatus, the threshold 
value for the roll rate for decision of a start of roll-over 
Suppression control is set to a value which differS depending 
upon the type of turning of the vehicle. 

0048. Whether the type of turning of the vehicle is 
one-directional turning or Steering back turning can be 
decided depending upon whether or not a steering back 
operation is performed during turning decision, or more 
particularly, depending upon whether or not the Steering 
wheel angular velocity () in the Steering back direction is 
equal to or higher than a comparatively low threshold value 
(). Meanwhile, whether or not the Steering back turning is 
Sudden Steering back turning can be decided depending upon 
the magnitude of the Steering wheel angular velocity () in 
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the Steering back direction, that is, depending upon whether 
or not the Steering wheel angular Velocity () in the Steering 
back direction is equal to or higher than a comparatively 
high threshold value (). The control start/end threshold 
value Setting Section 35a has control Starting threshold 
Values R, R2, R (R>R>R) of different magni 
tudes provided for the control Starting threshold value R. 
and further has control ending threshold values R., R., 
R (Re-RexRes) provided for the control ending thresh 
old value R corresponding to different types of turning of 
the vehicle in advance. Then, the type of turning of the 
vehicle is decided in Such a manner as described above, and 
a threshold value is Set in accordance with the type of 
turning. 
0049. In particular, if the type of turning is sudden 
Steering back turning, then the control Starting threshold 
value and the control ending threshold value for the roll rate 
Rare set to comparatively high values of the control Starting 
threshold value R and the control ending threshold value 
R (where R>R): if the type of turning is general 
(moderate) Steering back turning, then the control starting 
threshold value and the control ending threshold value for 
the roll rate R are set to medium values of the control 
Starting threshold value R and the control ending threshold 
value R (where R>R): and if the type of turning is 
one-directional turning, then the control starting threshold 
value and the control ending threshold value for the roll rate 
Rare Set to comparatively low values of the control Starting 
threshold value R, and the control ending threshold value 
Rea (where Rs.3>Res). 
0050 Since the roll-over suppressing control apparatus 
for a vehicle according to the embodiment of the present 
invention is configured in Such a manner as described above, 
it carries out its control, for example, in Such a manner as 
illustrated in FIGS. 6 and 7. 

0051 Referring first to FIG. 6, it is determined whether 
or not roll-over Suppressing control is being carried out (Step 
A10). If roll-over Suppressing control is not being carried 
out, then it is determined whether or not the vehicle is 
turning (step A20). If the vehicle is not turning, then the 
processing in this operation cycle is ended. However, if the 
vehicle is turning, then the control Start/end threshold value 
Setting Section 35a Sets a control Starting threshold value R. 
and a control ending threshold value R in response to the 
type of turning of the vehicle (step A30). 
0052. In particular, as seen in FIG. 7, whether or not 
Sudden Steering back has been performed is determined 
depending upon whether or not the Steering wheel angular 
Velocity () in the steering back direction is equal to or 
higher than the comparatively high threshold value () (Step 
B20). Here, if it is determined that sudden steering back has 
been performed, then the threshold value R and the thresh 
old value R for the roll rate Rare Set to comparatively high 
Values R. and R (where R>R), respectively (step 
B40). 
0053 If it is determined at step B20 that sudden steering 
back turning has not been performed, then whether or not 
Some other steering back turning (that is, comparatively 
moderate steering back turning) has been performed is 
determined depending upon whether or not the Steering 
wheel angular Velocity () in the Steering back direction is 
equal to or higher than the comparatively low threshold 

re1 re1 
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value () (step B30) If it is determined here that such 
Steering back turning has been performed, then the control 
Starting threshold value R and the control ending threshold 
value R for the roll rate Rare set to the medium values R. 
and R (where R>R), respectively (step B50). 
0.054 If it is determined at step B30 that such steering 
back turning has not been performed, then it is determined 
that the turning is one-directional turning, and the control 
Starting threshold value R and the control ending threshold 
value R for the roll rate R are Set to the comparatively low 
Values Ra and Res (where Ra>Res), respectively (step 
B60). 
0055. After the control starting threshold value R and 
the control ending threshold value R are Set in response to 
the type of turning of the vehicle in this manner, the control 
decision Section 35 determines, on the assumption that the 
vehicle is turning, whether or not the roll rate R is equal to 
or higher than the threshold value R. Set in advance (Step 
A40). Then, if the roll rate R is equal to or higher than the 
threshold value R, then roll-over Suppressing control is 
carried out (step A50). 
0056. In the roll-over Suppressing control, during turning 
of the vehicle in a leftward direction as seen in FIG. 3(a), 
braking force is applied to the right front wheel 5FR and the 
right rear wheel 5RR which are turning outer wheels. On the 
other hand, during turning of the vehicle in a rightward 
direction as seen in FIG.3(b), braking force is applied to the 
left front wheel 5FL and the left rear wheel 5RL. In both 
cases, the braking force is applied with the magnitude 
corresponding to the roll rate R. 
0057. In particular, upon turning of the vehicle in the 
leftward direction, braking force applied to the right front 
wheel 5FR and the right rear wheel 5RR causes the vehicle 
to generate a yaw moment in the clockwise direction as Seen 
in FIG. 3(a). This yaw moment in the clockwise direction 
acts to increase the turning radius of the vehicle in the 
leftward direction (that is, the yaw moment provides an 
under Steer tendency to the Steering characteristic of the 
vehicle so that the traveling route may be swollen to the 
turning outer Side) thereby to Suppress the rolling angle in 
the rightward roll-over direction generated on the vehicle. 
Further, upon turning of the vehicle in the leftward direction, 
the load of ground contact of the left front wheel 5FL and the 
left rear wheel 5RL which are turning inner wheels 
decreases, and particularly in a Situation wherein roll-over 
Suppressing control is required, the tyres do not Sometimes 
contact with the ground. Meanwhile, Since the load of 
ground contact of the right front wheel 5FR and the right 
rear wheel 5RR which are turning outer wheels has an 
increasing tendency, by applying braking force to the right 
front wheel 5FR and the right rear wheel 5RR, the vehicle 
Speed V can be slowed down effectively, and rolling of the 
vehicle in the rightward roll-over direction can be Sup 
pressed effectively. 

0.058 Similarly, upon turning of the vehicle in the right 
ward direction, braking force applied to the left front wheel 
5FL and the left rear wheel 5RL causes the vehicle to 
generate a yaw moment in the counterclockwise direction as 
seen in FIG.3(b). This yaw moment in the counterclockwise 
direction acts to increase the turning radius of the vehicle in 
the rightward direction (that is, the yaw moment provides an 
under Steer tendency to the Steering characteristic of the 
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vehicle so that the traveling route may be swollen to the 
turning outer Side) thereby to Suppress the rolling angle in 
the leftward roll-over direction generated on the vehicle. 
Thus, by applying braking force to the left front wheel 5FL 
and the left rear wheel 5RL which are turning outer wheels, 
the vehicle body speed V can be slowed down effectively, 
and rolling of the vehicle in the leftward roll-over direction 
can be Suppressed effectively. 

0059) Further, as seen in FIG. 6, while the roll-over 
Suppressing control is being carried out, it is determined 
whether or not the vehicle is turning (step A60). If the 
vehicle is not turning, then the roll-over Suppressing control 
is ended (step A80), but if the vehicle is turning, then the 
control decision section 35 determines whether or not the 
roll rate R is lower than the threshold value R set at step 
A30 (step A70). Then, if the roll rate R, is lower than the 
threshold value R, then the roll-over Suppressing control is 
ended (step A80). 
0060. In this manner, in the present apparatus, the control 
starting threshold value with which it is determined whether 
or not the vehicle is in an excessive rolling State to determine 
whether or not roll-over Suppressing control wherein brak 
ing force is applied to the turning outer wheels should be 
Started is set to a value which differS depending upon the 
type of turning of the vehicle. Consequently, the roll-over 
Suppressing control can be started appropriately in response 
to the type of turning of the vehicle. 

0061. In particular, since it is considered that, in the case 
of Steering back turning, turning over of the vehicle on its 
Side does not occur unless the roll rate becomes higher to 
Some degree than that upon one-directional turning, by 
Setting the control starting threshold values R, R for 
Steering back turning to higher values than that of the control 
Starting threshold value R for one-directional turning, the 
roll-over Suppressing control is prevented from being Started 
unnecessarily upon Steering back turning. Consequently, 
while the traveling performance of the vehicle is assured to 
the utmost, roll-over can be Suppressed. 
0062). In particular, Since the roll-over Suppressing con 
trol is performed by applying braking force to the wheels, it 
degrades the traveling performance of the vehicle, and 
therefore, it is desirable not to perform the roll-over Sup 
pressing control when it is not necessitated, but it is desired 
to perform the roll-over Suppressing control when it is 
required. Where Such logic that roll-over Suppressing con 
trol is started upon turning of the vehicle when a parameter 
value (here, the roll rate) becomes equal to or higher than a 
control Starting threshold value Set in advance is adopted, if 
the control starting threshold value is Set to a Suitable value 
for each of the types of turning of the vehicle as in the 
present embodiment, then roll-over can be Suppressed while 
the traveling performance of the vehicle is assured to the 
utmost. 

0063. While an embodiment of the present invention is 
described above, the present invention is not limited to the 
embodiment Specifically described above, and variations 
and modifications can be made without departing from the 
Scope of the present invention. 
0064. For example, the flow of FIG. 7 may be replaced 
by a flow of FIG. 8. In particular, referring to FIG. 8, it is 
first determined which one of one-directional turning and 
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Steering back turning the type of turning of the vehicle is 
(step B10). If the turning is steering back turning, then it is 
determined whether or not the Steering back turning is 
Sudden turning (Step B20), and required threshold values are 
Set based on a result of the determination. 

0065. Further, the classification of types of turning of a 
vehicle is not limited to that in the embodiment described 
above, and also the parameter value to be used for determi 
nation of a start and an end of roll-over Suppressing control 
is not limited to the roll rate only if it corresponds to a rolling 
state of the vehicle. 

0.066. In particular, where roll-over suppressing control is 
Started when a parameter value corresponding to a rolling 
State of a vehicle becomes equal to or higher than a control 
Starting threshold value Set in advance, when the relation 
ship between the parameter value and the degree of the 
possibility of roll-over of the vehicle differs depending upon 
the type of turning of the vehicle, different control Starting 
threshold values are set for the different types of turning of 
the vehicle. By this, while the traveling performance of the 
vehicle is assured to the utmost, roll-over can be Suppressed. 
Naturally, turning of the vehicle may otherwise be classified 
into two types of one-directional turning and Steering back 
turning. 
What is claimed is: 

1. A roll-over Suppressing control apparatus for a vehicle, 
comprising: 

a braking mechanism for braking wheels of Said vehicle; 
parameter value detection means for detecting a value of 

a parameter corresponding to a rolling State of Said 
vehicle; and 

roll-over Suppressing control means for controlling Said 
braking mechanism So that, if the parameter value 
detected by Said parameter value detection means upon 
turning of Said vehicle becomes equal to or higher than 
a control Starting threshold value, then it is decided that 
Said vehicle is in an excessively rolling State and 
braking force is applied to Said wheels; 

the control starting threshold value being Set to different 
values depending upon different types of turning of Said 
vehicle. 

2. The roll-over Suppressing control apparatus for a 
vehicle as claimed in claim 1, wherein the parameter value 
is a roll rate of Said vehicle, and Said parameter value 
detection means is roll rate detection means for detecting the 
roll rate. 

3. The vehicle roll-over Suppressing control of apparatus 
as claimed in claim 2, wherein, if the roll rate detected by 
Said roll rate detection means upon turning Said vehicle is 
lower than a control ending threshold value Set in advance 
as a value lower than the control starting threshold value, 
then Said roll-over Suppressing control means ends the 
control for applying the braking force to Said wheels. 

4. The roll-over Suppressing control apparatus for a 
vehicle as claimed in claim 1, wherein the types of turning 
of Said vehicle include one-directional turning wherein Said 
vehicle turns only in one direction and Steering back turning 
wherein the turning direction is changed over halfway. 

5. The roll-over Suppressing control apparatus for a 
vehicle as claimed in claim 3, wherein the types of turning 
of Said vehicle include one-directional turning wherein Said 

May 12, 2005 

vehicle turns only in one direction and Steering back turning 
wherein the turning direction is changed over halfway. 

6. The roll-over Suppressing control apparatus for a 
vehicle as claimed in claim 4, wherein the control Starting 
threshold value upon the Steering back turning is set to a 
value higher than the control Starting threshold value upon 
the one-directional turning. 

7. The roll-over Suppressing control apparatus for a 
vehicle as claimed in claim 6, wherein the Steering back 
turning includes quick Steering back turning wherein the 
Steering back turning is performed quickly and normal 
Steering back turning wherein the Steering back turning is 
performed at a normal Speed or less, and the control Starting 
threshold value upon the quick Steering back turning is Set 
to a value higher than the control Starting threshold value 
upon the normal Steering back turning. 

8. The roll-over Suppressing control apparatus for a 
vehicle as claimed in claim 7, wherein discrimination 
between the quick Steering back turning and the normal 
Steering back turning is performed by comparing a magni 
tude of a Steering angular Velocity upon the Steering back 
turning with a reference value Set in advance, and if the 
magnitude of the Steering angular Velocity is equal to or 
higher than the reference value, then it is decided that the 
turning is the quick Steering back turning, but if the mag 
nitude of the Steering angular Velocity is lower than the 
reference value, then it is decided that the turning is the 
normal change-over turning. 

9. The roll-over Suppressing control apparatus for a 
vehicle as claimed in claim 1, wherein a condition that Said 
vehicle is turning is set to Satisfaction of all of conditions 
that a vehicle Speed is higher than a predetermined vehicle 
Speed Set in advance, that the Steering angular velocity is 
equal to or higher than a predetermined angular Velocity Set 
in advance, and that a lateral acceleration of Said vehicle is 
equal to or higher than a predetermined acceleration Set in 
advance. 

10. A roll-over Suppressing control apparatus for a 
vehicle, comprising: 

a braking mechanism for braking wheels of Said vehicle; 
a rolling State Sensor for detecting a value of parameter 

corresponding to a rolling State of Said vehicle; and 
a braking controller for controlling Said braking mecha 

nism So that, if the parameter value detected by Said 
rolling State Sensor upon turning of Said vehicle 
becomes equal to or higher than a control Starting 
threshold value, then it is decided that said vehicle is in 
an excessively rolling State and braking force is applied 
to the wheels; 

the control starting threshold value being Set to different 
values depending upon different types of turning of Said 
vehicle. 

11. The roll-over Suppressing control apparatus for a 
vehicle as claimed in claim 10, wherein Said rolling State 
Sensor is a roll rate Sensor for detecting a roll rate of Said 
vehicle which is the parameter value, and, if the roll rate 
detected by Said roll rate Sensor upon turning Said vehicle is 
lower than a control ending threshold value Set in advance 
as a value lower than the control starting threshold value, 
then Said braking controller ends the control for applying the 
braking force to Said wheels. 

k k k k k 


